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Abstract
Background: Caesarean sections (CSs) are associated with increased maternal and perinatal morbidity, yet rates
continue to increase within most countries. Effective interventions are required to reduce the number of non-medically
indicated CSs and improve outcomes for women and infants. This paper reports findings of a systematic review of
literature related to maternity service organisational interventions that have a primary intention of improving CS rates.
Method: A three-phase search strategy was implemented to identify studies utilising organisational interventions to
improve CS rates in maternity services. The database search (including Cochrane CENTRAL, CINAHL, MEDLINE, Maternity
and Infant Care, EMBASE and SCOPUS) was restricted to peer-reviewed journal articles published from 1 January 1980 to
31 December 2017. Reference lists of relevant reviews and included studies were also searched. Primary outcomes were
overall, planned, and unplanned CS rates. Secondary outcomes included a suite of birth outcomes. A series of meta-
analyses were performed in RevMan, separated by type of organisational intervention and outcome of interest. Summary
risk ratios with 95% confidence intervals were presented as the effect measure. Effect sizes were pooled using a random-
effects model.
Results: Fifteen articles were included in the systematic review, nine of which were included in at least one meta-analysis.
Results indicated that, compared with women allocated to usual care, women allocated to midwife-led models of care
implemented across pregnancy, labour and birth, and the postnatal period were, on average, less likely to experience CS
(overall) (average RR 0.83, 95% CI 0.73 to 0.96), planned CS (average RR 0.75, 95% CI 0.61 to 0.93), and episiotomy (average
RR 0.84, 95% CI 0.74 to 0.95). Narratively, audit and feedback, and a hospital policy of mandatory second opinion for CS,
were identified as interventions that have potential to reduce CS rates.
Conclusion: Maternity service leaders should consider the adoption of midwife-led models of care across the maternity
episode within their organisations, particularly for women classified as low-risk. Additional studies are required that utilise
either audit and feedback, or a hospital policy of mandatory second opinion for CS, to facilitate the quantification of
intervention effects within future reviews.
PROSPERO registration: CRD42016039458; prospectively registered.
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Background
Caesarean section (CS), when medically indicated, can
effectively prevent maternal and perinatal morbidity and
mortality [1]. However, steady increases in CS rates
within the majority of regions worldwide have generated
concern about the utilisation of this procedure when not
medically justified [2]. The average CS growth rate
among Organisation for Economic Cooperation and De-
velopment (OECD) countries increased from 20% in
2000 to 28.6% in 2016, with the highest rates observed
in Turkey, Chile and Mexico (≥46%) [3]. Recent epi-
demiological research has indicated that population-level
CS rates above 19% are not associated with reductions
in maternal and neonatal mortality [1, 4]. Consequently,
appropriate utilisation of CS is a central focus for health
professionals and health systems globally, with equitable
access and patient safety considered paramount.
Global concern for patient safety in response to rising
rates of CS is warranted. While CS effectively expedites
birth in obstetric emergencies, CSs when not medically in-
dicated, are associated with an increased risk of short- and
long-term complications for women and their infants. For
women, a CS can increase the risk of bladder injuries,
postpartum infections, anaesthetic complications, obstet-
ric shock, hysterectomy, thromboembolism and psycho-
logical distress [5]. In contrast, benefits of planned vaginal
birth, compared with planned CS birth among low-risk
women, include lower rates of infection and faster recov-
ery [6]. For the term infant, medically unjustified CSs have
been associated with increased risk of neonatal intensive
care admission and respiratory problems, and a reduced
likelihood of breastfeeding initiation [7, 8]. The economic
burden of CSs is also worth noting. Compared with vagi-
nal delivery, higher mean costs have been associated with
CS in low-risk populations [9].
A multitude of reasons are linked to the increasing
trend in CS rates particularly within high-resource set-
tings, including a shift in maternal socio-demographic
characteristics, scheduling convenience, changes to pro-
fessional practice styles, an increase in pre-existing ma-
ternal medical conditions (i.e. diabetes, obesity),
malpractice liability concerns, and an enhanced maternal
preference for the procedure [10]. These factors have
been targeted in a variety of interventions designed to
safely reduce CS rates in high-use settings. To date, the
effectiveness of interventions directed at both women
and healthcare providers is limited, with very few studies
displaying clinically meaningful effects [11]. Organisa-
tional interventions, on the other hand, have recently
been posited as having the most potential for reducing
the rising trend in CS rates [12]. As outlined by
Cochrane Effective Practice and Organisation of Care
Group, an organisational intervention is one which“…in-
volves a change in the structure or delivery of health care
… a change in who delivers health care, how care is orga-
nised, or where care is delivered…” [13]. Not since 2007
has a systematic review of maternity service organisa-
tional interventions been performed; in this review, posi-
tive effects on CS rates were observed for audit and
feedback, quality improvement, and multifaceted strat-
egies (e.g. combination of education, audit and feedback
and implementation of practice guidelines) [14]. Add-
itionally, two recent Cochrane reviews have examined
the effects of midwife-led models of care [15] and one-
to-one support in labour [16] on CS, with positive ef-
fects observed for one-to-one labour support only. These
reviews did not specifically limit inclusion to interven-
tions with a primary outcome of CS; furthermore, the
review of one-to-one support in labour included studies
that utilised informal support persons within interven-
tions. It is therefore timely that a systematic review of
organisational interventions specifically designed to im-
prove CS rates in maternity services be performed.
This systematic review and meta-analyses was de-
signed to synthesise literature related to maternity ser-
vice organisational interventions that had a primary aim
of improving CS rates. Additionally, this work sought to
quantify the effectiveness of relevant organisational
interventions on CS rates, relative to comparator condi-
tions. Findings of this review have potential to inform
future policies and programs designed to optimise the
utilisation of CS within maternity service settings.
Methods
This systematic review complies with the Preferred Report-
ing Items for Systematic reviews and Meta-Analyses
(PRISMA) statement [17]. The protocol for the review was
prospectively registered in PROSPERO (CRD420160
39458), and the study protocol, describing the rationale and
methods in detail, has been published [18].
Data sources and search strategy
A three-phase search strategy was implemented to identify
literature relevant to the current investigation. Firstly, elec-
tronic databases were searched, structured according to the
nuances for each database (the Cochrane Central Register
of Controlled Trials, CINAHL, MEDLINE, Maternity and
Infant Care, EMBASE and SCOPUS) using a combination
of keywords relating to CS and maternity service organisa-
tional interventions and controlled vocabulary. The search
was restricted to peer-reviewed, journal articles published
from 1 January 1980 to 31 December 2017. No restrictions
on language or setting were applied. An example of the
MEDLINE search strategy is included as a Additional file 1.
Secondly, reference lists of relevant reviews captured within
the database search were manually cross-checked to iden-
tify additional articles. Thirdly, reference lists of all included
studies were reviewed to identify additional eligible
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references. Two reviewers independently assessed titles and
abstracts of studies for inclusion at all three stages. Selec-
tions were then compared and where discrepancies
occurred, consensus was reached through discussion with a
third reviewer.
Eligibility criteria
Studies were only included if they reported on maternity
service organisational interventions designed to reduce CS
rates (including planned and unplanned CS). Eligible study
designs were those classified as randomised controlled trials
(RCTs), cluster-RCTs, quasi-RCTs, controlled before and
after studies, and interrupted time series studies. Inclusion
criteria were based on the following PICO (participants, in-
terventions, comparators, outcomes) criteria:
 Participants and settings: Maternity care clinicians,
including midwives, obstetricians, nurses,
paediatricians, family doctors and anaesthetists,
maternity care managers and maternity care educators.
Eligible settings were obstetric-led maternity services
able to provide support for women undergoing planned
or unplanned caesarean birth.
 Interventions: Eligible maternity service organisational
interventions included models of care, audit and
feedback, hospital policy/protocol interventions,
labour assessment triage, incentives, education, and
reminder mechanisms. Intervention strategies aiming
to reduce CS rates were permitted to be either single
component, or multi-faceted (i.e. complex
interventions).
 Comparators: An appropriate comparator group was
specified as no intervention, or usual/routine care.
 Outcomes: Studies that reported objectively measured
or self-reported (using validated instruments) out-
comes. Planned, unplanned and overall CS rates
were the primary outcome measures. Studies that did
not specify CS rates as the primary outcome measure
were not eligible for inclusion. Where studies did not
explicitly differentiate between primary and secondary
outcome measures, studies were included if CS rate
was deemed by the systematic review authors as an
outcome of priority. Secondary outcomes of interest
included labour interventions (e.g. epidural use,
labour augmentation), maternal adverse events
(e.g. postpartum haemorrhage, third or fourth
degree perineal tear), neonatal outcomes (e.g. admis-
sion to neonatal intensive care unit, Apgar scores),
breastfeeding initiation, maternal/newborn duration
of inpatient stay, maternal experiences of care,
adherence to best practice guidelines by health
professionals, health professionals’ satisfaction,
confidence, competence, attitudes, knowledge and
self-efficacy.
Medical interventions (e.g. induction of labour, episiot-
omy, instrumental vaginal delivery), lifestyle interventions
(e.g. nutrition and physical activity programs for pregnant
women), labour interventions (e.g. water births, epidural
analgesia, augmentation of labour), and interventions utilis-
ing active management of labour, were not deemed eligible
maternity service organisational interventions and were ex-
cluded. Additionally, doulas (also referred to as birth com-
panions) and informal support persons were not classified
as eligible health care providers in this review; hence, any
studies targeting these providers were also excluded.
Data extraction
Two reviewers independently extracted data from included
studies using a standardised template. The resultant data
included study and sample characteristics (e.g. research
aim, setting, sample size), design features (e.g. intervention
type/s and regimen of intervention condition/s) and study
results (e.g. RR, 95% CI). Only data reported in the original
papers were used for extraction, and no attempts were
made to contact corresponding authors to obtain unpub-
lished data.
Risk of bias/quality appraisal
The Cochrane Collaboration’s tool for assessing risk of bias
was used for all included studies that utilised an RCT or
cluster RCT design [19]. This tool examines randomisation
procedure and allocation concealment (selection bias);
blinding of participants and personnel (performance bias);
blinding of outcome assessors (detection bias); incomplete
outcome data (attrition bias); selective outcome reporting
(reporting bias); and other sources of bias (e.g. baseline im-
balance, recruitment issues etc.). A positive classification in-
dicated a low risk of bias, while a negative classification
indicated a high risk of bias. An unclear classification was
given when there was insufficient information within man-
uscripts to adequately assess risk of bias.
The Quality Assessment Tool for Quantitative Studies
[20] was used for all other research designs. This tool ad-
dresses eight domains: selection bias; study design; con-
founders; blinding; data collection; participant withdrawals;
intervention integrity and analysis. The quality assessment
across the eight domains allows an overall quality rating to
be determined for each study: ‘strong’, ‘moderate’ or ‘weak’.
Two reviewers independently performed all risk of bias/
quality appraisal assessments, with consensus reached
through joint discussion.
Data synthesis and analysis
For studies utilising an RCT design, a series of meta-
analyses were performed that were separated by type of ma-
ternity service organisational intervention and outcome of
interest. A minimum of three studies per outcome was con-
sidered adequate for a meta-analysis. Where a meta-
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analysis was not possible (e.g. < 3 studies per outcome per
intervention type), the results were synthesised and dis-
cussed narratively.
Quantitative data from included studies were analysed
using RevMan 5.3 software [21]. Secondary outcome vari-
ables reported within included studies were mapped to as-
sist with the selection and prioritisation of secondary
outcomes to be reported in this review. Secondary out-
comes were included in this review when a minimum of
three included studies reported on a given outcome. All
meta-analyses performed involved the use of dichotomous
data, and as such, summary risk ratio with 95% confidence
intervals were presented as the effect measure. Effects were
pooled using a random-effects model (Mantel-Haenszel
method). In contrast to a fixed-effects model that assumes
all included studies share one true effect, a random-effects
model assumes each study estimates a different underlying
true effect, and produces a summary effect that is an esti-
mate of the mean of a distribution of true effects [22]. After
obtaining the full set of included studies, and noting the
substantial clinical and methodological heterogeneity be-
tween studies (i.e. differences in intervention regimens,
country of origin), a random-effects model was selected in
preference to a fixed-effects model, as it was deemed unrea-
sonable to assume that all included studies shared a com-
mon true effect.
Heterogeneity in each meta-analysis was examined using
the I2, Tau2, and χ2 statistic with associated significance
value. A p-value for the χ2 statistic of 0.10 (rather than
0.05) was used to indicate statistically significant heterogen-
eity due to the limitations of this test when there are low
numbers of included studies [23, 24]. The following classifi-
cations for the I2 statistic were used to determine the
degree of heterogeneity: not important (0–40%), moderate
heterogeneity (30–60%), substantial heterogeneity (50–
90%) and considerable heterogeneity (75–100%) [23]. Tau2
values were examined and subsequently reported within
the text when heterogeneity was found to be significant, or
the I2 statistic was ≥30%.
Subgroup analyses to examine potential sources of het-
erogeneity were pre-specified that utilised the Robson clas-
sification system [25] to differentiate between interventions
by type of maternal group [18]. This planned assessment
was not possible however, as included studies utilised ma-
ternal participant groups that were either not described in
sufficient detail or encompassed a diverse mix of maternal
groups (not separated in analysis). Similarly, an assessment
of publication bias/small study effects could not be
performed due to the limited number of included studies
(< 10 studies).
It was initially planned to combine results from cluster
RCTs with individually-randomised RCTs if there was min-
imal clinical and methodological heterogeneity between the
studies, and the interaction between the intervention effect
and choice of randomisation units were deemed unlikely
[18]. However, only RCTs with a parallel design were ultim-
ately eligible for inclusion within the quantitative synthesis.
Had any cluster RCTs been eligible for a least one meta-
analysis, the standard error of the cluster RCT would have
been adjusted using the reported intracluster correlation
coefficient. Heterogeneity in the unit of randomisation
would also have been acknowledged, and a sensitivity ana-
lysis to investigate the effects of the randomisation unit
would have been performed.
Results
The three-phase search strategy yielded 11,586 citations
after duplicates were removed. The first phase of screening
identified 171 abstracts as potentially eligible; full texts were
subsequently retrieved and assessed for inclusion. One hun-
dred and fifty-six articles were excluded in the second
phase of screening as they did not meet specified criteria.
In total, 15 articles were included in the systematic review,
nine of which were appropriate for inclusion in at least one
meta-analysis. A PRISMA flow diagram details the results
of the systematic search and screening process (Fig. 1).
The characteristics of included studies are provided in
Table 1. The majority of studies utilised a parallel RCT de-
sign (k = 12, 80%), with the remaining studies adopting
either a cluster RCT design (k = 2, 13%) [26, 27], or quasi-
experimental controlled design (k = 1, 7%) [28]. Year of
publication ranged from 1992 to 2015, with the majority of
studies published from 2001 (k = 11, 73%). All studies were
published in English, and all interventions were imple-
mented in hospitals; however, countries varied: USA/
Canada (k = 6, 40%), Australia (k = 4, 27%), Iran (k = 2,
13%), Ireland (k = 1, 6.7%), China (k = 1, 6.7%), and Latin
America (k = 1, 6.7%). Birth outcome data were largely ob-
tained via medical record audits for samples of women,
with samples ranging in size from 100 to 149,276 partici-
pants (mean 14,665 ± 39,509; median 1172). Midwife-led
models of care were the most commonly utilised maternity
service organisational intervention (k = 8, 53%), which were
primarily implemented across pregnancy, labour, birth, and
the postnatal period (postnatal periods ranged from early
through to 6-weeks), (k = 6). In the six studies where the
midwife-led model of care traversed all maternal periods,
two studies utilised a caseload approach [29, 30], with the
other four studies using a team-based approach [31–34].
Other maternity service organisational interventions uti-
lised included continuous midwifery care (also referred to
as one-to-one/continuous labour support) (k = 3, 20%)
[35–37], audit and feedback to promote implementation of
evidence-based practice (k = 1, 6.7%) [27], labour assess-
ment triage (at home vs hospital) (k = 1, 6.7%) [38], hos-
pital policy of mandatory second opinion for CS (k = 1,
6.7%) [26], and hospital protocols for management of preg-
nancy complications (k = 1, 6.7%) [28]. In the majority of
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studies, these additional types of organisational interven-
tion were implemented during labour and birth (k = 5),
while in one study the intervention was implemented only
during pregnancy [28].
Results of this systematic review are grouped and re-
ported according to the type of maternity service organisa-
tional intervention. The presentation of results for primary
outcomes have been prioritised, followed by secondary out-
comes. The data for meta-analyses are presented first,
followed by the narrative presentation of results. The
estimated effects and heterogeneity of meta-analyses are
summarised in Table 2. With regard to the narrative syn-
thesis of outcomes, a small portion of secondary outcomes
(maternal/newborn duration of inpatient stay, maternal ex-
periences of care, adherence to best practice guidelines by
health professionals, and health professionals’ satisfaction,
confidence, competence, attitudes, knowledge and self-
efficacy) were not reported in enough studies (< 3 of all in-
cluded studies) to warrant inclusion.
Midwife-led models of care
In the present review, a midwife-led model of care was
defined as care where “the midwife is the lead profes-
sional in the planning, organisation and delivery of care
given to a woman” [15]. A midwife-led model of care
was implemented within eight included studies [29–34,
39, 40]. Six of these studies [29–34] were similar in
terms of intervention regimen (midwife-led vs usual
care), maternal period of study (pregnancy, labour and
birth, and postnatal), and study design (RCT), and as
such, results of these studies were pooled in a series of
separate meta-analyses.
Overall caesarean sections
Six studies (n = 7784 participants) were included in a
meta-analysis comparing midwife-led models of care
(delivered over pregnancy, labour and birth, and postna-
tal periods) with a comparator group for overall CSs.
Women allocated to midwife-led care were, on average,
less likely to have a CS (average RR 0.83, 95% CI 0.73 to
0.96) (Fig. 2). The χ2 test for heterogeneity was not sig-
nificant, with heterogeneity considered not important to
moderate (χ2 = 8.32, p = 0.14, I2 = 40%, Tau2 = 0.01). Nar-
ratively, midwife-led models of care were utilised within
two additional studies that assessed overall CS rates.
One RCT, implemented in the USA, compared the ef-
fects of midwife-led labour and birth care provided in a
birth centre with routine labour and birth care provided
Fig. 1 PRISMA flow diagram
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in a labour ward. This study observed no significant dif-
ference in overall CSs between groups (midwife-led: 5/
234; routine: 1/253; p > 0.05) [39]. The other study, a RCT
conducted in China, compared the effects of a midwife-
led pregnancy clinic with routine obstetrician-led preg-
nancy care. This study found that women allocated to the
intervention group were less likely to have a CS compared
with women in obstetrician-led care group (I: 18/53; C:
30/53; 95% CI for difference − 41.60 to − 3.69) [40].
Planned caesarean section
Four studies (n = 5937 participants) were included in a
meta-analysis comparing midwife-led models of care with a
comparator group for planned CSs. Women allocated to
midwife-led care were, on average, less likely to experience
a planned CS (average RR 0.75, 95% CI 0.61 to 0.93) (Fig. 3)
. The χ2 test for heterogeneity was not significant, with het-
erogeneity considered not important (χ2 = 1.19, p = 0.76,
I2 = 0%). No additional studies utilising midwife-led models
of care reported on planned CS as an outcome.
Unplanned caesarean section
Four studies (n = 5937 participants) were included in a
meta-analysis comparing midwife-led models of care with a
comparator group for unplanned CSs, with results indicat-
ing no significant differences between treatment conditions
(average RR 0.87, 95% CI 0.73 to 1.03) (Table 2). The χ2 test
for heterogeneity was not significant, with heterogeneity
considered not important to moderate (χ2 = 4.55, p = 0.21,
I2 = 34%, Tau2 = 0.01). No additional studies utilising
midwife-led models of care reported on unplanned CS as
an outcome.
Table 2 Summary of meta-analyses
Outcomes K N Effect estimate Heterogeneity
RR 95% CI Z (p) χ2 p I2 Tau2
Midwife-Led Care vs. Comparator
Overall Caesarean Section 6 7784 0.83 0.73 to 0.96 2.63 (0.008) 8.32 0.14 40% 0.01
Planned Caesarean Section 4 5937 0.75 0.61 to 0.93 2.66 (0.008) 1.19 0.76 0% 0.00
Unplanned Caesarean Section 4 5937 0.87 0.73 to 1.03 1.65 (0.10) 4.55 0.21 34% 0.01
Induction of Labour 5 5498 0.91 0.79 to 1.04 1.43 (0.15) 6.06 0.19 34% 0.01
Epidural 6 7601 0.89 0.79 to 1.00 1.96 (0.05) 10.82 0.06 54% 0.01
Labour Augmentation 5 5498 0.97 0.73 to 1.29 0.23 (0.81) 48.99 < 0.00001 92% 0.09
Instrumental Vaginal Delivery 4 6776 0.96 0.86 to 1.07 0.78 (0.44) 1.82 0.61 0% 0.00
Episiotomy 6 6816 0.84 0.74 to 0.95 2.87 (0.004) 6.19 0.29 19% 0.00
Admission during Pregnancy 4 5304 0.94 0.80 to 1.11 0.77 (0.44) 7.06 0.07 58% 0.02
Apgar scores (< 7 at 5 min) 3 4711 0.94 0.66 to 1.33 0.37 (0.71) 0.88 0.64 0% 0.00
Admission to SCU/NICU 5 6599 0.80 0.62 to 1.04 1.66 (0.10) 8.54 0.07 53% 0.04
Continuous Midwifery Care vs. Comparator
Overall Caesarean Section 3 7428 0.85 0.59 to 1.23 0.88 (0.38) 4.27 0.12 53% 0.06
Abbreviations: K number of studies, N number of participants, RR Risk Ratio, CI Confidence Interval, Z test for overall effect
Fig. 2 Forest plot for the outcome ‘overall caesarean section’ in the selected RCTs, comparing midwife-led models of care (implemented across pregnancy,
labour and birth, and the postnatal period) with standard care
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Induction of labour
Five studies (n = 5498 participants) were included in a
meta-analysis comparing midwife-led models of care
with a comparator group for induction of labour, with
results indicating no significant differences between
treatment conditions (average RR 0.91, 95% CI 0.79 to
1.04) (Table 2). The χ2 test for heterogeneity was not
significant, with heterogeneity considered not important
to moderate (χ2 = 6.06, p = 0.19, I2 = 34%, Tau2 = 0.01).
No additional studies utilising midwife-led models of
care reported on induction of labour as an outcome.
Epidural use
Six studies (n = 7601 participants) were included in a meta-
analysis comparing midwife-led models of care with a com-
parator group for epidural use. Results indicated that the
difference between midwife-led care and the comparator
condition was not significant, albeit approaching signifi-
cance (average RR 0.89, 95% CI 0.79 to 1.00, p = 0.05)
(Table 2). The χ2 test for heterogeneity was significant, with
heterogeneity considered moderate to substantial (χ2 =
10.82, p = 0.06, I2 = 54%, Tau2 = 0.01). No additional studies
utilising midwife-led models of care reported on epidural
use as an outcome.
Labour augmentation
The outcome of labour augmentation incorporates the use
of intravenous oxytocin and artificial rupture of the mem-
branes (amniotomy) to increase the frequency, duration
and intensity of contractions after the onset of spontaneous
labour [41]. Five studies (n = 5498 participants) were in-
cluded in a meta-analysis comparing midwife-led models of
care with a comparator group for labour augmentation. Re-
sults indicated that the difference between midwife-led care
and the comparator condition was not significant (average
RR 0.97, 95% CI 0.73 to 1.29) (Table 2). The χ2 test for het-
erogeneity was significant, with heterogeneity considered
considerable (χ2 = 48.99, p < 0.00001, I2 = 92%, Tau2 = 0.09)
. No additional studies utilising midwife-led models of care
reported on labour augmentation as an outcome.
Instrumental vaginal delivery
The outcome of instrumental vaginal delivery encom-
passes the utilisation of either forceps or a vacuum de-
vice to assist in the vaginal delivery of a foetus [42]. Four
studies (n = 6776 participants) were included in a meta-
analysis comparing midwife-led models of care with a
comparator group for instrumental vaginal delivery. Re-
sults indicated that the difference between midwife-led
care and the comparator condition was not significant
(average RR 0.96, 95% CI 0.86 to 1.07) (Table 2). The χ2
test for heterogeneity was not significant, with hetero-
geneity considered not important (χ2 = 1.82, p = 0.61,
I2 = 0%). No additional studies utilising midwife-led
models of care reported on instrumental vaginal delivery
as an outcome.
Episiotomy
Six studies (n = 6816 participants) were included in a meta-
analysis comparing midwife-led models of care with a com-
parator group for episiotomy. Women allocated to
midwife-led care were, on average, less likely to experience
an episiotomy (average RR 0.84, 95% CI 0.74 to 0.95) (Fig. 4)
. The χ2 test for heterogeneity was not significant, with het-
erogeneity considered not important (χ2 = 6.19, p = 0.29,
I2 = 19%). Narratively, one RCT that compared labour and
birth care provided by midwives in a birth centre with
labour and birth care provided in a labour ward found that
women who were allocated to midwife-led care received
significantly fewer episiotomies (I: 24/222; C: 87/246;
p < 0.0005) [39].
Admission during pregnancy
Four studies (n = 5304 participants) were included in a
meta-analysis comparing midwife-led models of care with
a comparator group for admission during pregnancy. Re-
sults indicated that the difference between midwife-led
care and the comparator condition was not significant
(average RR 0.94, 95% CI 0.80 to 1.11) (Table 2). The χ2
test for heterogeneity was significant, with heterogeneity
considered moderate to substantial (χ2 = 7.06, p = 0.07,
Fig. 3 Forest plot for the outcome ‘planned caesarean section’ in the selected RCTs, comparing midwife-led models of care (implemented across pregnancy,
labour and birth, and the postnatal period) with standard care
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I2 = 58%, Tau2 = 0.02). No additional studies utilising
midwife-led models of care reported on admission during
pregnancy as an outcome.
Apgar scores (< 7 at 5 min)
Three studies (n = 4711 participants) were included in a
meta-analysis comparing midwife-led models of care with
a comparator group for Apgar scores of < 7 at 5min. Re-
sults indicated that the difference between midwife-led
care and the comparator condition was not significant
(average RR 0.94, 95% CI 0.66 to 1.33) (Table 2). The χ2
test for heterogeneity was not significant, with heterogen-
eity considered not important (χ2 = 0.88, p = 0.64, I2 = 0%).
Narratively, five additional RCTs utilising midwife-led care
reported on Apgar scores as an outcome. These RCTs
could not be included in the meta-analysis due to either
variations in Apgar scoring criteria (e.g. Apgar cut off < 8),
or the implementation of interventions in pregnancy or
labour and birth only. However, all five additional RCTs
similarly observed no significant differences in Apgar
scores between intervention and comparator conditions at
5min [31–33, 39, 40].
Admission to special care unit/neonatal intensive care unit
The meta-analysis for admission to a special care unit
(SCU)/neonatal intensive care unit (NICU) incorporated
data from five studies (n = 6599 participants). Three studies
used the combined outcome of SCN/NICU admission [29,
30, 32]; one study used the outcome of NICU admission
[34]; and one study used the outcome of SCN admission
[31]. Results of the meta-analysis indicated that the differ-
ence between midwife-led care and the comparator condi-
tion was not significant (average RR 0.80, 95% CI 0.62 to
1.04) (Table 2). The χ2 test for heterogeneity was signifi-
cant, with heterogeneity considered moderate to substantial
(χ2 = 8.54, p = 0.07, I2 = 53%, Tau2 = 0.04).
Narrative synthesis of secondary outcomes
A number of additional secondary outcomes of interest
could not be included in a meta-analysis of midwife-led
models of care. Birthweight and neonatal mortality were
assessed within three studies utilising midwife-led care
throughout pregnancy, labour and birth, and postnatal pe-
riods. Reporting of outcomes varied, preventing conduct of
a meta-analysis, however all three studies found no signifi-
cant differences between midwife-led care and the com-
parator condition [29, 34]. Postpartum haemorrhage was
assessed in two studies (means of measurement not speci-
fied), both of which found no significant differences [31,
33]. Two studies reported on postnatal stay (1 day or less;
and 0–2 days) as an outcome, with both studies finding that
women experiencing midwife-led care were significantly
more likely to have shorter postnatal stays [30, 31]. The
outcomes of estimated blood loss and perineal trauma were
reported within four studies each, however outcome cat-
egories varied. Only one of the four studies, an RCT com-
paring midwife-led labour and birth care in a birthing suite,
with labour and birth care in a labour ward, observed fewer
3rd and 4th degree perineal tears among women allocated
to midwife-led care [39]. Differences between treatment
groups in the four studies reporting on estimated blood loss
were predominantly not significant (one blood loss cat-
egory, < 500ml, displayed significance in one study [30]).
Lastly, in the two studies reporting on continuous elec-
tronic foetal monitoring (EFM) as an outcome, one study
observed a significant reduction in risk of continuous EFM
for women allocated to the midwife-led group [31].
Continuous midwifery care
Overall caesarean section
Three studies (n = 7428 participants) were included in a
meta-analysis comparing continuous midwifery care during
labour and birth with a comparator group for overall CS,
including planned and unplanned CSs. Results indicated
that the difference between continuous midwifery care and
the comparator condition was not significant (average RR
0.85, 95% CI 0.59 to 1.23) (Table 2). The χ2 test for hetero-
geneity was not significant, with heterogeneity considered
moderate to substantial (χ2 = 4.27, p = 0.12, I2 = 53%,
Tau2 = 0.06).
Fig. 4 Forest plot for the outcome ‘episiotomy’ in the selected RCTs, comparing midwife-led models of care (implemented across pregnancy, labour and
birth, and the postnatal period) with standard care
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Narrative synthesis of secondary outcomes
A number of additional secondary outcomes of interest
could not be included in a meta-analysis of continuous
midwifery care (< 3 studies per outcome per intervention
type). Two included studies [35, 36] similarly reported on
instrumental vaginal delivery, epidural use, perineal tear,
and neonatal admission to higher-level care/NICU, with
both studies observing no significant differences between
continuous midwifery care and comparator groups. Apgar
scores of < 7 at 5min and birth weight were also reported
in two included studies utilising continuous midwifery care
[36, 37], with no significant differences found in either
study. No differential treatment effects for use of oxytocin
in labour were observed within two included studies [35,
37]. Only one RCT utilising continuous midwifery care
reported on the outcomes of episiotomy, postpartum
haemorrhage, continuous EFM, labour augmentation and
neonatal mortality [36]. Significant differences (at the p <
0.001 level) were only observed in one outcome; women in
the continuous midwifery care group were less likely to
have continuous EFM.
Audit and feedback to promote implementation of evidence-
based practice
One included study utilising a cluster RCT design investi-
gated the effects of a multifaceted 1.5-year intervention
[27]. The intervention involved audits of CS indications,
the provision of formal and informal feedback to health
professionals, and implementation of best practices. Small,
but significant reductions were observed in CS rate from
pre-intervention to post-intervention periods among the
intervention group compared with the control (adjusted
OR for incremental change over time 0.90, 95% CI 0.80 to
0.99). CS rate was significantly reduced among women
with low-risk pregnancies (adj. Risk difference − 1.7, 95%
CI − 3.0 to − 0.3), but not among high-risk pregnancies
(p = 0.35). With regard to secondary outcomes, the inter-
vention group also displayed reductions in major neonatal
morbidity (adj. Risk difference, − 0.7, 95% CI − 1.3 to −
0.1), and a smaller increase in minor neonatal morbidity
compared to the control (adj. Risk difference − 1.7, 95% CI
− 2.6 to − 0.9). No significant differences were observed be-
tween groups with regard to changes in minor and major
maternal morbidity [27].
Labour assessment triage
A RCT in Canada that examined the effects of labour as-
sessment and triage at home versus telephone advice found
no difference in CS rates between groups of healthy, nul-
liparous women (RR 1.12, 95% CI 0.94 to 1.32) [38]. Differ-
ential treatment effects were not observed for the
secondary outcomes of epidural use, labour augmentation,
instrumental vaginal delivery, Apgar scores, and neonatal
admission to higher-level care units.
Hospital policy of mandatory second opinion for
caesarean section
One included study, a cluster RCT in Latin America, exam-
ined the effects of a mandatory second opinion policy for
CS [26]. This study observed a small, but significant reduc-
tion in CS rates between matched hospitals (mean differ-
ence in rate change between matched hospitals: -1.9, 95%
CI − 3.8 to − 0.1). Secondary analysis by planned and un-
planned CSs revealed a significant difference in unplanned
CS rates between matched hospitals (RR -2.2, 95% CI − 4.3
to − 0.1), compared with no difference in planned CS rates
(0.2, 95% CI − 1.4 to 1.8). The implementation of the
mandatory second opinion policy had no significant impact
on the secondary outcomes of instrumental vaginal deliv-
ery, neonatal and maternal mortality, neonatal and perinatal
mortality, neonatal and maternal admission to intensive
care, and women’s satisfaction with the care process [26].
Hospital protocols for pregnancy complications
One study, utilising a non-concurrent quasi-experimental
controlled design, evaluated the effectiveness of protocols
for pregnancy complications on CS rate [28]. The study
was implemented in Iran and compared CS rates among
women with pregnancy complications for periods before
and after the initiation of new Ministry of Health and
Medical Education protocols. The study found a signifi-
cant increase in CS rate following the implementation of
pregnancy complication protocols (CS rate: intervention
phase: 67.8%, control phase 48.8%, p = 0.001). With regard
to secondary outcomes, duration of hospitalisation, num-
ber of specialist visits, and occurrence of complications
post-discharge also significantly increased within the inter-
vention phase compared with the control phase (p =
0.001) [28].
Risk of bias/quality appraisal
Twelve RCTs clearly described the utilisation of genuine
random sequence generation and were categorised as having
a low risk of bias (Table 3). Two RCTs did not adequately
detail their randomisation process and were classified as
unclear [37, 39]. Twelve RCTs were rated low risk of bias
for allocation concealment, while the remaining two RCTs
[27, 34] were judged as unclear due to insufficient informa-
tion. Classifications for blinding of participants and
personnel varied between studies; five RCTs were rated as
high risk of bias [30, 31, 34–36]; four RCTs as unclear risk
of bias [29, 32, 37, 40]; and the remaining five RCTs as low
risk of bias [26, 27, 33, 38, 39]. The majority of included
studies were judged as low risk of bias for blinding of out-
come assessment (k = 9). An additional four RCTs were
rated as unclear [31, 32, 36, 37], while one RCT was classi-
fied as high risk of bias [34]. With regard to incomplete out-
come data, most RCTs reported loss to follow-up rates of
< 20% and utilised an intention-to-treat approach, and were
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subsequently judged as low risk of bias; one RCT did not
provide sufficient information and was rated as unclear
[34]. The majority of RCTs (k = 10) were classified as un-
clear for selective outcome reporting because protocols were
not available to determine if all outcome data collected
were reported. Additionally, no potential other sources of
bias were identified within most included studies (k = 10).
The global rating for the one study utilising a quasi-
experimental controlled design [28] was classified as
‘weak’, due to the occurrence of two or more compo-
nents rated as ‘weak’. Specifically, the selection bias, con-
founders, and blinding components were rated as ‘weak’;
the study design and data collection method components
were rated as ‘moderate’; and the withdrawals and drop-
outs component rated as ‘strong’.
Discussion
This systematic review including meta-analyses synthesised
published evidence and quantified the effects of a subset of
maternity service organisational interventions on overall,
planned, and unplanned CSs, in addition to a suite of rele-
vant secondary birth outcomes. Results of the separate
meta-analyses indicated that women allocated to midwife-
led models of care implemented across pregnancy, labour
and birth and postnatal periods were, on average, less likely
to experience CS (overall), planned CS, and episiotomy
compared with women allocated to usual care.
For the meta-analysis of midwife-led models of care,
the significant reduction in risk of CS observed in the
present review is inconsistent with that observed in a
Cochrane review of midwife-led continuity models. No
differences between groups were observed in the
Cochrane review for overall CS [15]. This discrepancy in
effects may largely be attributed to the differences in eli-
gibility criteria between reviews. Unlike the Cochrane re-
view, the present study tightly restricted eligibility to
interventions with a primary aim of decreasing CSs. It is
therefore not surprising that midwife-led models of care
specifically designed to improve rates of physiological
birth displayed significant risk reductions in CS rates,
when compared to midwife-led models with varied aims.
Consistent across both reviews however, was a signifi-
cant finding for the secondary outcome of episiotomy,
with comparable significant risk ratios observed in both
Table 3 Risk of bias summary for studies utilising an RCT/cluster RCT design
Study ID Random sequence
generation
(selection bias)
Allocation
concealment
(selection bias)
Blinding of participants
and personnel
(performance bias)
Blinding of
outcome
assessment
(detection bias)
Incomplete outcome
data (attrition bias)
Selective reporting
(reporting bias)
Other sources
of bias
Althabe
[2004]
+ + + + + + ?
Begley
[2011]
+ + – ? + ? +
Chaillet
[2015]
+ ? + + + + ?
Chambliss
[1992]
? + + + + ? +
Gagnon
[1997]
+ + – + + ? +
Gu [2013] + + ? + + ? +
Harvey
[1996]
+ + ? ? + ? ?
Hodnett
[2002]
+ + – ? + ? +
Homer
[2001]
+ + + + + + +
Janssen
[2006]
+ + + + + ? ?
Kashanian
[2010]
? + ? ? + ? +
McLaughlin
[2012]
+ + ? + + ? +
Rowley
[1995]
+ ? – – ? ? +
Tracy [2013] + + – + + + +
Note: Low risk of bias (+); High risk of bias (−); Unclear risk of bias (?)
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reviews (RRs of 0.84). No comparison can be made be-
tween reviews for the outcome of planned CS because it
was not included as an outcome of interest in the
Cochrane review.
The non-significant meta-analysis finding for the effect of
continuous midwifery support on overall CS in the present
review also differs with that observed in a Cochrane review
of continuous one-to-one labour support. The Cochrane
review found that women allocated to continuous one-to-
one support were less likely to have a CS (low-quality evi-
dence) [16]. Considerable variations in eligibility criteria
between reviews may explain this inconsistency. In contrast
with the present study, the Cochrane review did not limit
inclusion of studies to interventions designed to decease CS
rates, and additionally included interventions that utilised
informal support persons and doulas within interventions.
As a result, the number of studies included in the meta-
analysis in the present study was considerably smaller than
that of the Cochrane review (k = 3 vs k = 24).
The narrative synthesis of results has additionally identi-
fied audit and feedback, and a hospital policy of mandatory
second opinion for CS, as interventions that may have po-
tential to reduce CS rates. Both interventions types were
utilised within only one included study, with both interven-
tions resulting in small but significant differences favouring
the intervention [26, 27]. Audit and feedback is defined in
the literature as ‘a summary of the clinical performance of
healthcare provider(s) over a specified period of time’ [43].
A previous meta-analysis of evidence-based organisational
interventions found audit and feedback as effective in re-
ducing CS rates [14]. However, a number of studies in-
cluded in the previous meta-analysis were excluded in the
present review due to differing classifications in study de-
sign, and the requirement for CS to be a primary outcome.
With regard to the one study which implemented a hos-
pital policy of mandatory second opinion for CS, secondary
analysis revealed the improvement of CS rates were con-
centrated among unplanned CSs. This finding was not un-
expected given the intervention was implemented during
labour and birth [26].
A surprising result highlighted within one included
study was the significant increase in CS rate observed
following the implementation of Iranian Ministry of
Health and Medical Education pregnancy complication
protocols. The authors of this study acknowledged that
the introduction of new protocols may have increased
visibility of CS indications among health professionals.
However, the authors also acknowledged that the devel-
oped protocols were not based on national evidence, but
rather extracted from text books, and were therefore un-
likely to reflect contemporary recommendations. Add-
itionally, the researchers used a quasi-experimental
design with a non-concurrent control group which limits
the strength of the findings.
Maternity service organisational interventions are an im-
portant consideration given increasing rates of CSs and po-
tential for maternal and perinatal morbidity. As reflected by
the publication date of included studies (73% of studies
published 2001+), this is an expanding field of research
with considerable scope for advancement. To increase the
strength of future reviews on the topic, primary studies
should strive for consistency in the reporting of outcomes.
Studies included in this review varied in the reporting of
routinely documented outcomes (e.g. Apgar score cut-offs,
maternal blood loss) which subsequently restricted the
number of studies included within specific meta-analyses.
Future primary studies in the field should also be con-
ducted and reported according to recognised reporting
standards, such as the CONSORT statement. Furthermore,
as this review has demonstrated, midwife-led models of
care are associated with reductions in CS rates. This meta-
analysis included interventions utilising caseload midwifery
and team midwifery models. More interventions utilising
either caseload or team midwifery approaches would enable
separate meta-analyses to be performed for each organisa-
tional approach, and enable publication bias to be
adequately investigated. Standardisation of terminology re-
lated to models of care such as midwife-led, caseload and
continuity of midwife carer will provide clarification of fu-
ture analysis and interpretation of results. Moreover, inter-
ventions utilising audit and feedback, as well as a hospital
policy of mandatory second opinion for CS were identified
in the present review as potentially effective for improving
CS rates. To enable the quantification of intervention ef-
fects, additional primary studies that utilise these ap-
proaches alone or in combination are required. It may also
be beneficial to study maternity care in OECD countries
with low CS rates to identify and study innovations and in-
terventions related to the organisation of care.
The conduct and reporting of this review adhered to the
PRISMA statement and utilised systematic and rigorous
methods based on Cochrane Collaboration recommenda-
tions. The inclusion criteria tightly restricted eligibility to
studies that utilised maternity service organisational inter-
ventions with a primary outcome of CS. Language or set-
ting restrictions were not applied to the search, which
increased the opportunity to include non-English studies.
However, no studies published in languages other than
English were included in the final set of studies. Had the
search strategy intentionally utilised alternative language/
country specific databases, the pool of included studies may
have been larger, thereby increasing the generalisability of
results to additional countries and health settings. An add-
itional consideration that should be noted is the inability to
assess publication bias and small study effects due to insuf-
ficient numbers of included studies. Planned subgroup ana-
lyses, using the Robson classification system, were also not
possible due to the included studies being comprised of
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maternal participant groups that were either not described
in sufficient detail, or encompassed a diverse mix of mater-
nal groups (not separated in analysis). This prevented the
determination of intervention effects for any of the ten
Robson classification maternal groups.
Conclusions
The findings of this systematic review indicate that
women allocated to midwife-led models of care imple-
mented across pregnancy, labour, birth, and the postnatal
period were, on average, less likely to experience CS (over-
all), planned CS, and episiotomy compared with women
allocated to routine care. Additionally, the findings suggest
audit and feedback, and a hospital policy of mandatory
second opinion for CS, are potential interventions that
may reduce CS rates. Further research is required to in-
vestigate these latter interventions. Given the findings of
this review, maternity service leaders should consider the
adoption of midwife-led models of care across the mater-
nity episode within their organisations. On the basis that
the majority of studies utilising midwife-led models in-
cluded samples of women classified as being at low-risk
for complications (or able to be classified as low-risk), the
adoption of midwife-led models of care may be particu-
larly suitable for this maternal group.
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